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Computer Graphics & Met Office



Computer Graphics Timeline

1946 ENIAC

1949 Whirlwind, Williams Tube, Core

1951 Graphics display on Whirlwind

1954 Fortran

1955 Light pen on SAGE

1959 IBM/GM develop CAD system

1960 “Computer Graphics” coined

1964 IBM 2250, RAND Grafacom input tablet

1965 Bresenham Algorithm, Tektronix storage tube

1968 E&S head mounted display

1969 Bell Unix, Xerox GUI

1971 RAMTEK, GINO library

1972 C, Intel 8008 chip, Atari/Pong

1973 1st SIGGRAPH

1975 Cray-1, Microsoft

1976 CG standardisation starts

1977 SIGGRAPH Core & GKS develop

1979 IBM 3279 terminal

1980 PHIGS develops

1982 SGI, Sun, Adobe, Autodesk founded

1982 USA Today Newspaper colour Wx map

1985 ISO GKS published

1986 TIFF defined, X-Windows

1987 GIF defined, ISO CGM published

1988 GKS-3D and PHIGS published

1989 PHIGS+, Motif1.0, RenderMan

1990 MS Windows 3.0

1991 WWW, JPEG/MPEG

1992 OpenGL released by SGI

1993 Mosaic browser

1994 Netscape browser

1995 Sun Java

1997 Macromedia Flash 1.0

1998 XML, Google, MPEG-4

Algorithms & software developments skipped



© Crown 





© Crown 



© Crown 



© Crown 



© Crown 



Mainstream computing >1971

1968 Government permission to buy new computer

1969-08-20 IBM 360/195 Announced

1969-09-04 UKMO issues ITT (IBM360/85, ICL1908A and CDC7600)

1971 IBM 360/195 initial delivery

1972-10 Final configuration, upgraded devices within original budget: 

1xIBM2301 Fixed head disk, 6xIBM3330 disk drives, IBM3333 exchangeable 
disk units, 6xIBM3420 9 trk 800/1600dpi tape drives  magnetic tape units, 
2xIBM2250 CRT displays, operating consoles.

2x Calcomp microfilm 835 recorders, resolution 2200x3400 (already in use in 
BoM and DWD) Seem to have upgraded to 1670 (16000x16000)

160col printer requested, IBM only 144col, substituted & interfaced MDS9160

UKMO agrees to ship KDF9 tape drive to Montpellier and back to interface to 
IBM controllers. UKMO kept 2xKDF9 400dpi drives until tapes transferred.
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Timeline: Cartography









Map of the World

Babylonian

About 700-500 BC

Probably from 
Sippar, southern 
Iraq

British Museum



500BCE

Map derived 
from 
Hecatæus's  
Periodos Ges

‘Journey Round 
the World’. 

Divided into two 
books, "Europe" 
and "Asia

Follows Homeric 
idea that the 
world is ‘round’ 
surrounded by 
ocean

https://en.m.wikipedia.org/w/index.php?title=Periodos_Ges&action=edit&redlink=1


T-O Map

8th Century 
Spanish copy

Represents the 
physical world 
described by the 
7th-century 
Isidore of Seville

Etymologiae
Chapter 14, de 
terra et partibus

https://en.m.wikipedia.org/wiki/Isidore_of_Seville
https://en.m.wikipedia.org/wiki/Etymologiae


Aristotle’s 3/5 
climatic zones

12th-century 
manuscript of 
Macrobius's 
Commentarii in 
Somnium Scipionis

ca. 1150.  

Copenhagen, Det 
Kongelige Bibliotek



Al-Masudi 

947CE

The Meadows of 
Gold and Mines 
of Gems

مروج الذهب ومعادن )
 Muruj, الجواهر
adh-dhahab wa 
ma'adin al-
jawhar)

https://en.m.wikipedia.org/wiki/The_Meadows_of_Gold




Quantitative maps

Ptolemy’s Gazeteer

Following Marinus of Tyre, c 150CE

Latitude was measured from the equator in Africa but expressed in 
terms of hours rather than in degrees of arc: 

The equator was set at 12 hours of midsummer daylight, while the 
Arctic was thought to have 24. Ptolemy specifies 10, then later 7, 
climatic zones corresponding to length of day.

His Prime Meridian ran through the Fortunate Isles, the westernmost 
land recorded, in the Canary Islands or Cape Verde. 

The maps spanned 180 degrees of longitude from the Fortunate Isles 
in the Atlantic to China.

Locations based on travellers reports



Land based Itineraries
E.g. Itinerarium Burdigalense ("Bordeaux Itinerary”) is the oldest 
known Christian itinerarium. 

Written by the "Pilgrim of Bordeaux, it recounts the writer's journey to 
the Holy Land in the years 333 and 334 CE 

(By land through northern Italy, Danube valley, Constantinople,  Asia 
Minor and Syria to Jerusalem. Back via Macedonia, Otranto, Rome, 
and Milan.

Distinguishes each boundary of one Roman province to the next, and 
distinguished carefully between each change of horses (mutatio) and 
a stopover place (mansio), and the differences between the simplest 
cluster of habitations (vicus) and the fortress (castellum) or city 
(civitas).

Persians also had itineraries



Roman Illustrated Itinerary

300-400 CE

Copy from 1200 CE

“Peutinger's Tabula”



Periplous

Route list along a 
coast

Hanno's Periplous 
(600BCE) survives in 
a single Byzantine 
manuscript Codex 
Heidelbergensis 398.

Erythraean Periplous 
100 CE, Red Sea to 
Ganges

Massaliote Periplus, 
(possibly 600 BCE) 
coasts of Atlantic 
Europe,

http://www.metrum.org/mapping/hanno.htm#1
https://en.wikipedia.org/wiki/Massaliote_Periplus
https://en.wikipedia.org/wiki/Atlantic_Europe


Portolan: Periplus plus pictures







© Crown 



© Crown 



Halley’s Trade Wind Map 1656
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Timeline: Graphing















Joseph Priestley’s Timeline 1765













William Playfair’s Bar Charts 1786



William Playfair’s Pie charts 1801















Georg von 
Mayr

Polar diagrams

Star plots

1877



Timeline: Meteorology









Beaufort’s Weather Code
1820-1825 version

b. Blue sky

c. Clear, transparent atmosphere

ci. Cirrus clouds

cl. Cloudy

cu. Cumulus clouds

d. Mist (damp air)

Dk Dark weather but atmosphere clear

f. Foggy

f: Dense Fog

g. Gloomy weather

h. Haze

m. Mist in valley

p. Passing cloud
© Crown 



1831 Beaufort Wind Force Scale, 
used by Commander Fitzroy

0 Calm

1 Light Air       Or just sufficient to give steerage way

2 Light Breeze Or that in which a man-of-war with all sail set, and 
clean full would go in smooth water from.1 to 2 knots

3 Gentle Breeze 3 to 4 knots

4 Moderate Breeze    5 to 6 knots

5 Fresh Breeze Or that to which a well-conditioned man-of-war could         
just carry in chase, full and by. Royals, etc

6 Strong Breeze Single-reefed topsails and top-gallant sail

7 Moderate Gale        Double reefed topsails, jib, etc

8 Fresh Gale Treble-reefed topsails etc

9 Strong Gale Close-reefed topsails and courses

10 Whole Gale Or that with which she could scarcely bear close-
reefed main-topsail and reefed fore-sail

11 Storm         Or that which would reduce her to storm staysails

12 Hurricane   Or that which no canvas could withstand



Beaufort Wind Speed Scale: Sea

Speed        km/hr         knots Term          Sea

0 Calm Calm Calm                     Sea like mirror

1 2-5 1-3 Light Air                Ripples with appearance of scales: no foam  crest

2 6-11 4-6 Light Breeze         Small wavelets; crests of glassy appearance, not 
breaking 

3 12-18 7-10 Gentle Breeze      Large wavelets; crests begin to break; scattered 
whitecaps. 

4 19-30 11-16 Moderate Breeze Small waves, becoming longer; numerous whitecaps. 

5 31-39 17-21 Fresh Breeze        Moderate waves, taking longer form; many whitecaps; 
some spray 

6 40-50 22-27 Strong Breeze       Larger waves forming; whitecaps 
everywhere; more spray. 

7 51-61 28-33 Near Gale  Sea heaps up; white foam from breaking 
waves begins to be blown in streaks. 

8 62-74 34-40 Gale           Moderately high waves of greater length; 
edges of crests begin to break into 

spindrift; foam is blown in well-marked 
streaks. 

9 75-87 41-47 Strong Gale High waves; sea begins to roll; dense 
streaks of foam; spray may reduce 

visibility. 

10 88-102 48-55 Storm         Very high waves with overhanging crests; 
sea takes white appearance as foam is 

blown in very dense streaks; rolling is 
heavy and visibility is reduced 

11 103-117 56-63 Violent Storm Exceptionally high waves; sea covered with 
white foam patches; visibility further 

reduced. 

12 108-132 64-71 Hurricane   Air filled with foam; sea completely white © Crown 



Beaufort Wind Speed Scale: Land

Code         km/hr           knots Term          Land

0 Calm Calm Calm          Smoke rises vertically.

1 2-5 1-3 Light Air    Smoke drifts slowly downwind.

2 6-11 4-6 Light Breeze Leaves rustle.

3 12-18 7-10 Gentle Breeze Leaves are in motion.

4 19-30 11-16 Moderate Breeze Small branches on trees move.

5 31-39 17-21 Fresh Breeze Small trees sway. 

6 40-50 22-27 Strong Breeze Large branches sway.

7 51-61 28-33 Near Gale  Whole trees in motion. 

8 62-74 34-40 Gale           Twigs and small branches break off  trees.

9 75-87 41-47 Strong Gale Large branches break off; slight structural 

damage.

10 88-102 48-55 Storm         Trees broken; minor structural  damage.

11 103-117 56-63 Violent Storm Widespread damage.

12 108-132 64-71 Hurricane   Violent movement of trees and much 

destruction.

13 133-148 72-80

14 149-165        81-89

15 166-183        90-99

16 184-200 100-108

17 201+             109+



Beaufort’s Code evolution

Code 1806-1807 1807-1810 1810-1812  1820-1825 1826-1832

b. Blue sky Blue sky Blue sky Blue sky Blue sky, clear or turbid atmosphere

c. Clear i.e., definite, sharp horizonDefinite sharp horizon, distant objects clearly visible Bright objects visible from afar
Clear, transparent atmosphere Individual passing clouds

ci. Cirrus clouds

cl. Cloudy Cloudy Cloudy Cloudy

cu. Cumulus clouds

d. Dry, warm air Mist (damp air) Drizzle, fine rain

da. Damp air Damp air

dk Dark, close air Dark, gloomy weather Dark weather Dark weather but atmosphere clear

dp. Damp air

dr. Drizzle Drizzle Drizzle

f. Fine weather Fine weather Fine weather Foggy Fog

f: Dense Fog

fg. Foggy Fog Fog

g. Dark, gloomy weather Dark, gloomy weather Gloomy weather Dark, gloomy 
weather

ge. Gloomy weather

gr. Greasy sky Greasy sky Greasy sky

h. Haze Hazy weather Haze Haze Hail

hr. Heavy rain Heavy rain Heavy rain

hsh. Heavy showers Heavy showers Heavy showers

hsq. Heavy squalls Heavy squalls Heavy squalls

l. Lightning Lightning Lightning Lightning

m. Mist Mist in valley Mist or hazy atmosphere

o. Overcast. Entire sky covered by thick clouds.

p. Passing cloud Passing cloud Passing cloud Passing cloud Passing shower



Synoptic Charts need common Time

Railroad and telegraph companies pushed for a simplified standardized time 
keeping. Consequently, civil time zones were initially instituted in the:

UK 1847

New Zealand 1868

USA and Canada 1883

Worldwide scheme 1884







coined the term 

'anticycl





















Meteorology & Technology



Technology/Meteorology Timeline - 1

Pigment <6000 BCE
Clay & Stylus 2500 BCE
Papyrus 1000 BCE
Parchment & Ink 170 BCE
Paper    c.105 CE 
Woodblock printing 200 CE

Movable ceramic type 1040

Engraving 1430

Metal type Press 1453

Etching 1515

Mezzotint 1642

Magic Lantern 1646
3 Colour printing 1710

Aquatint 1772

Printed graph paper 1794

Lithography 1796

c.1600 Good global maps

c.1800 Scientific diagrams & graphs



Technology/Meteorology Timeline - 2

Carbon paper 1801

Chromolithograph        1837

Daguerrotype 1839

Rotary press                1843

Electric/chemical Fax  1846

1816 Brandes charts for 1783.

1826 Brandes paper & chart at Leipzig

1828 Dove attempts weather maps

1840 Charts by Espy, Reid & Readfield

1843 Loomis publishes 1836 US storm

1847 GMT (railway time)



Technology/Meteorology Timeline - 3

Electric/chemical Fax  1846

1849-07 Glaisher’s manual Daily Weather Maps

1850-1900 National statistical offices  Europe.

1850 Washington DC telegraphic weather maps 

1851 First printed Daily Weather Map,  London, 

Wheatstone's electric telegraph &. Lithography

1855 French telegraphic weather maps

1857 3rd International Statistical Congress: 

Exhibition, discussion of standard diagrams.

1860 UK Daily Weather Report to newspapers, 

6 dys/wk, from 3 commercial telegraph  stations.

1861-01 Electric Telegraph Co. Wind & Weather 

Map at its offices: 23 disks, with 2 hands 

indicating reported weather

1861-09 Publication of Weather Map of the 

British Isles by the Daily Weather Map Co Ltd. 



Technology/Meteorology Timeline - 4

Hectograph (Gelatin)   1869

Offset printing 1875

OHP 1880

Hot metal typesetting 1884

Punched card 1884

Cathode Ray Tube 1885

Mimeograph (Stencil) 1886

Cinematography 1895

1869 Issue of the first lithographed Daily 

Weather Report by the Meteorologica1 Office.

1871 Publication by the Shipping and Mercantile 

Gazette of Daily Wind Charts of the British Isles.

1872-03 UKMO printed daily weather maps

1872-08 Leipzig Conference, 26 questions and 

agreement of standardised symbols etc

1875 Times publishes 6pm Weather Map

1885 "Principles of forecasting by means of 

weather charts", Ralph Abercromby

1901 International Statistical Congress 

recommends sparing use of hieroglyphs and 

symbols



Technology/Meteorology Timeline - 5
Photostat/Rectigraph 1907

Screen printing 1910

Trans-atlantic fax 1924

Spirit duplicator 1923

Television 1926

Bar printer 1934

Xerography 1938

Phototypesetting          1949

Inkjet printing 1951

Drum printer 1952

Videotape 1956

Dye-sublimation           1957

Pen plotters 1958

Drum plotter 1959

Line (chain) printer       1959

Film recorder 1959

Mouse & Sketchpad     1962

CCITT Fax machines   1966

Dot matrix printing        1968

Laser printing 1969

8” floppy disk 1971

1922 Wireless weather manual, 

MO255, mentions plotting 

1936 First TV Weather chart

1936 "Instructions for the 

preparation of weather maps 

with tables of the specification 

and symbols", Form 2459

1949 TV Weather maps with 

captions and voice-over

1954-01 First live TV forecast

1954 Maj Bedient USAF & 

Dahlqvist SHMI, develop zebra 

charts 

1966 UK contract microfilm 

plotter, online or paper tape. 

Isopleth chart <3 min Flat bed 

plotter too 



Where are we now?



History of inventing/tailoring 
technologies

☒ Operating Systems

☒ Programming Languages

☒ Telecoms Protocols

☒ Telecom computers (message 
switching)

? Data Formats

☑ Semantics

☑ Visualisations



WMO Present Weather Symbols



But also

• Present Weather from 

Automatic station

• Additional Weather

• State of Ground, frozen 

or not frozen,

• Etc

•Aviation SigWx symbols 

too

• Over 400 in total, plus 

>100 wind arrows 



WMO Weather Symbols

Not changed in 50 years

Some symbols added, but probably hardly used

Nearly all computing devices can display them

Still no consensus on imagery, radar, colour scales, etc

Perhaps not appropriate





Future possibilities



Future possibilities?

• 5 years: No specialized meteorological visualization software, all done 

in generic geospatial software with meteorological style sheets?

• 10 years: No specialized geospatial software, all done in generic 

‘browser’?

• Real 3D displays when?

• Virtual Reality/Augmented Reality/Head-Up Displays make 3D easier?

Consequential suggestions:  

1. Codify and expose meteorological styles

2. Expose meteorological symbols and their semantics

• Try t o put into Unicode

3. Move away from existing rigid symbols with artificial 10x10 structure 
imposed by telegraphic codes

4. ‘Abstract’ symbols powerful. C.f. SigWx chart



Questions & 
Answers
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http://www.math.yorku.ca/SCS/Gallery/milestone/milestone.pdf

http://www.infovis.info/info.php

The 

Air Apparent: How Meteorologists Learned to Map, Predict, and Dramatize 
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Clay Tablet map 
from Ga-Sur 

~2500 BCE



Muḥammad 
Abū’l-Qāsim 
Ibn Ḥawqal 

محمد أبو القاسم  )
بن حوقل )

977CE

Ṣūrat al-’Arḍ

“صورة الارض  “) ”  
“The face of 
the Earth“)







Beaufort’s Code evolution

Code 1806-1807 1807-1810 1810-1812  1820-1825 1826-1832

b. Blue sky Blue sky Blue sky Blue sky Blue sky, clear or turbid atmosphere

c. Clear i.e., definite, sharp horizonDefinite sharp horizon, distant objects clearly visible Bright objects visible from afar
Clear, transparent atmosphere Individual passing clouds

ci. Cirrus clouds

cl. Cloudy Cloudy Cloudy Cloudy

cu. Cumulus clouds

d. Dry, warm air Mist (damp air) Drizzle, fine rain

da. Damp air Damp air

dk Dark, close air Dark, gloomy weather Dark weather Dark weather but atmosphere clear

dp. Damp air

dr. Drizzle Drizzle Drizzle

f. Fine weather Fine weather Fine weather Foggy Fog

f: Dense Fog

fg. Foggy Fog Fog

g. Dark, gloomy weather Dark, gloomy weather Gloomy weather Dark, gloomy 
weather

ge. Gloomy weather

gr. Greasy sky Greasy sky Greasy sky

h. Haze Hazy weather Haze Haze Hail

hr. Heavy rain Heavy rain Heavy rain

hsh. Heavy showers Heavy showers Heavy showers

hsq. Heavy squalls Heavy squalls Heavy squalls

l. Lightning Lightning Lightning Lightning

m. Mist Mist in valley Mist or hazy atmosphere

o. Overcast. Entire sky covered by thick clouds.

p. Passing cloud Passing cloud Passing cloud Passing cloud Passing shower





Chinese Silk 
map from 
Mawangdui
tumulus 

~168 BCE

3 maps: 
Topography 
of Changsha;

Military map 
of southern 
Changsha;

Prefecture 
map.

https://en.wikipedia.org/wiki/Mawangdui


Selden Map of China

東西洋航海圖

(Dōng xīyáng hánghǎi tú)

~1606-1624



Da Ming 
Hun Yi Tu
map 

~1390CE 

https://en.wikipedia.org/wiki/Da_Ming_Hun_Yi_Tu



